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Abstract 

Concerns raised over possible base heating effects on the NLS 1.5 stage reference 
vehicle resulted in the use of CFD as a predictive analysis tool. The objective 
established was to obtain good engineering solutions to describe the base region 
flowfields at 10,000 ft. and 50,000 ft. altitudes. The Rockwell USA CFD code was 
employed with a zero-equation turbulence model and a four species, 1 step chemical 
kinetics package. Three solutions were generated for the specified altitudes on coarse 
and fine grids. CFD results show the base region flowfields to be highly three- 
dimensional in character. At the 10,000 ft. altitude, plumes contract soon after exiting 
the nozzles and do not interact with each other. No mechanism was identified for 
driving hot gas back into the base region and no significant amounts of hydrogen or 
water were found in the base region. Consequently, surface temperatures were all 
near the ambient level. At 50,000 ft., the nozzle exhaust plumes begin to interact, 
particularly those of the two inboard engines which are closer together. A small 
amount of hot gas is recirculated between the inboard nozzles near the nozzle exit 
plane. As a result, base region surface temperatures are slightly elevated, but still 
remain well within the design guideline of 1000°R. 
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NLS BASE HEATING CFD ANALYSIS 
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INTRODUCTION 
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CFD IDENTIFIED AS ALTERNATE PREDICTIVE TOOL 




OBTAIN ENGINEERING SOLUTION FOR THE 1.5 STAGE REFERENCE 
GEOMETRY AT 10,000 AND 50,000 FT ALTITUDES 
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CFD MODEL OF NLS 1.5 STAGE VEHICLE 
BASE AND ENGINE CLUSTER (CONT'D) 
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NLS 1.5 STAGE VEHICLE BASE AND ENGINE CLUSTER 

MODELED THROUGH SYMMETRY 
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CFD 92 -04 2-062/D 3/S LB 



1.5 STAGE REFERENCE VEHICLE GRID STRUCTURE 
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1.5 STAGE REFERENCE VEHICLE GRID TOPOLOGY 

/I'l'j ZONE 1 
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1.5 STAGE REFERENCE VEHICLE GRID 
TOPOLOGY (CONT'D) 
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BOUNDARY CONDITIONS APPLIED 
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PARTICLE TRACES IN BASE REGION 

10,000 FOOT ALTITUDE 
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PARTICLE TRACES IN BASE REGION (CONT’D) 

10,000 FOOT ALTITUDE 
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BASE REGION MACH CONTOURS (CONT'D) 

10,000 FOOT ALTITUDE 
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PLUME REGION MACH CONTOURS 

10,000 FOOT ALTITUDE 
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PARTICLE TRACES FROM NOZZLE EDGE 

10,000 FOOT ALTITUDE 
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BASE REGION H2 CONTOURS (CONT'D) 

10,000 FOOT ALTITUDE 
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REGION TEMPERATURE CONTOURS (CONT'D) 

10,000 FOOT ALTITUDE 
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BASE REGION SURFACE TEMPERATURE CONTOURS 

10,000 FOOT ALTITUDE 

TEMP (°R) 
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NOZZLE SURFACES TEMPERATURES 

10,000 FOOT ALTITUDE 
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BASE REGION MACH CONTOURS (CONT’D) 

50,000 FOOT ALTITUDE 
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PARTICLE TRACES FROM NOZZLE EDGE 

50.000 FOOT ALTITUDE 
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PARTICLE TRACES IN BASE REGION 

50,000 FOOT ALTITUDE 
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PARTICLE TRACES IN BASE REGION (CONT'D) 

50,000 FOOT ALTITUDE 
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BASE REGION H20 CONTOURS (CONT'D) 

50,000 FOOT ALTITUDE 
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BASE REGION TEMPERATURE CONTOURS (CONT'D) 

50,000 FOOT ALTITUDE 

TEMP 
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NOZZLE SURFACES TEMPERATURES 

50,000 FOOT ALTITUDE 

OUTER NOZZLE CENTER NOZZLE 
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50,000 FOOT ALTITUDE RESULT SUMMARY 
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BASE FLOW ENVIRONMENT DEFINED FOR NLS 1.5 STAGE 
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STUDY DEMONSTRATES ABILITY OF CFD AS A TIME EFFECTIVE 
ENGINEERING TOOL TO UNDERSTAND AND ASSESS BASE 
HEATING PROBLEMS 





